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Effect of Glutamine on the Diclofenac Induced Bacterial Translocation and Lipid Peroxidation

Eun Jeong Kim and Jeong Wook Kim**
College of Pharmacy, Sookmyung Women's University, Seoul 140-742, Korea
*Department of Internal Medicine, Chungang University of College of Medicine, Seowl 140-757, Korea

Abstract — The aim of this study was to examine whether administration of glutamine are able to prevent the NSAID
induced bacterial translocation and lipid peroxidation in the rats. The animals with glutamine were fed with L-glutamine for
5 days before diclofenac administration (100 mg/kg orally). 48 hour after diclofenac administration, intestinal permeability,
serum biochemical profiles, and malondialdehyde ievels of ileum were measured for evaluation of gut damage. Also, enteric
aerobic bacterial counts, number of gram-negatives in mesenteric lymph nodes, liver, spleen and kidney and malond-
ialdehyde levels in liver, spleen, kidney and plasma were measured. Diclofenac caused the gut damage, enteric bacterial
overgrowth, increased bacterial translocation and increased lipid peroxidation. Co-administration of glutamine reduced the
gut damage, enteric bacterial overgrowth, bacterial translocation and lipid peroxidation induced by diclofenac. This study
suggested that glutamine might effectively prevent non-steroidal anti-inflammatory drug induced bacterial translocation and

lipid peroxidation in the rat.
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AR 38} v AE| 20124 FAA st FlAFAS)
o} AbelA ~Eg2o) thet eI avks oFF) U5 vt
7k glom tigk ASEEoA gake] #AHS 7hAaA 7| 19 o
74A7IM indomethacin Fofe o]t iAol ol &
=39 2712 ZFEHo] JAE £ Q= Ao By 1
%]\\:]_.20)

oloff B dAFol= HIAHRZ)TA FAAS 3t ML
A9 9 AFzakel o Wixel SSERe] 8E doEsith

HE YUY

Chat

739 AF 180~210gm BE2) 47 Sprague-Dawley
A 301E)E 2 #NE (Orient Co., Ltd., Seoul, KoreaplX] &5
Wol AF A 7U7 AGAZTE WA AR A] 12413 7HA L
2 G i sk AR 5 221 1°CE fRjsien 1
YALE QI Basal diet 5755(PMI Nutrition International, Inc.,
Richimond, California, USA)$} B-& #8741 AF8HA ot
WSS AE AR A Aot Vel olikado] BAEA ¢
Sith MBS BT 4702 RRloy iR, diclofenac T
o, diclofenac @ SFEN) 0.5 g/kg/day 9, diclofenac 2
ZFFEH 1.0 ghkg/day FoIF R 9o Zt F o Wi gof
ZHNE WS

DiclofenacOl| 2|8t Z&4 R4 X SFERI] F04

g WA 2 B3 Alge] AHE B5A #slE S48
o} 1ihg AR5l widEelu 2 5 240l ofd RS A
Heh= A& IAETh. T 8% Tt mE SFENY &
g FHs] A3 SFEN] FAFEL diclofeanc 7 A&} 5
2 ZHE L-glutamine(Daesang, Co., Ltd., Seoul, Korea)s zt
7} 0.5 3 1.0 gkg/dayS] €202 A 238 & AT Fof
L o} gsle] ATF] e thEET diclofenac FoI-2
UekEE QNQTE 22 ez AR ik A
A AR gt SEARENA iR SFERE
He) 8 3 o)FE Foisfiol A7t 9llem 1.0 gke/day
oj3e] &=og FEe apyt ¥ HYch vlAHRo|=Y &
Aae] o5k FEA-e- diclofenac sodium(Sigma Chemical
Co., St. Louis, MO, USAYS 100 mgkg §Fo 2 J3] A%
o] slo] frdalsit

B

YN &Y

Diclofenac 5] 4847} 3o 10 mg®| phenolsulfonphthalein
(PSP, Sigma Chemical Co., St. Louis, MO, USA)S ¥{Aje] A
T 5o & gAtAe) Ao PSP Fof 2417 FHE 2407 &
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ok 2HE s AFY oM PSP FEE T3]
sl FFHSFE BuE QYA § F 2,500 pm, 1023+ A
AR B} 35 1 miol 10% NaOH 5 miz @223} A
1 % 560 nm2] FgefA] EFF A (Smartspect 300, Biorad,
Hercules, CA, USA)E £45101?D 3140 PSPA-S 982 ¥
D=8

A A

&

AR HAE A% 2447 &9 A F BT ketamine
hydrochloride 80 mg/kg 2 xvylazine hydrochloride 8 mg/kgs
Lslo] npsh Fof] FaRato g §5-5 AFdelM Hrhet
ek A A5 W o 2 RE] A 40 cm®] 33l g
52 100 mge AFH3AC. o] F FALE drfsta AelA
Yol AFsie] WME AFIAZACE AHTE o FAHA
o} AAT} HE Aste] A s Eesisint. A
A 75 dohir] flste] Faxzoz Azt g4,
ZF, B3 2 A% 100 mgS AFH sk AR} AL 2Jsted
7t 1) 9 A 500 mg 22t o)A AT W] A
AFFE S5 skl BEE 1om A% AN F opd 100
mgs AF ST

il $71M MEs 3 BHMZT0f it ZA

3 9 WA HE5S AULE 100 mgs IE5H R 3
A%t & A VIHESE S35 Hsld AdskaniR e} A
Y 7% 4958 348171 98l MacConkey gHui=of
Falo] wjokrlell 37°CE 24717 FQF vkt vk & 2+
Hix] ol 2}k A 5 B2kstod CFU(colony-forming unit)/g
o2 A ZUAMRRAE gotry] fslo] Atz
A, 7 vl @ A% 100 mgs A=F Ten Broeck 23 94)7)
& olgsle] wAFst ¥ A%H o MEla 1 TS
Z74317] 98te] MacConkey $HuiR]o X F3le] Bd7]oA
37°CE 24113F S3F wieksladtt. viek 5 7F wijA] oA 2t 3
2 5 aste] CFU(colony-forming unit)/g= ¥A5H3ATE

XazHtstad

2 A Al W ae] 7F 2AE Adste] FAE A F
10802} 0.1 M phosphate buffers 7}3t & Ten Broeck %23}
A5 olgslo] BAste] 22 gdAAE Az 22 ¢
3 5 0L TBAZ o) 43t n)ayo g Z3sict?
Zp 22 dAN 4 3 1mie] TBA Al 2miE £ &
100°Ce] Bezolx 1587 71dslo] EAAZIY, RE-4S 3000
pm, 1583 ARE S § FedE B33 5EAE 535 nmellA]
=2 Z43)o] MDA(malondialdehyde) 98- 7313tk MDA
BFEAR 1,1,3,3,-tetramethoxy propanes AFE38153°7 MDA
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oF& nmol/mg protein® & X3s}11 71 H]7g NA 9 Ao
A k2 hovine serum albuming X5 0 % 19 Bradford

RPg olg3jo) 2sicy,

oy ZAL

ZFEY GE Gl 9] dds Esh] 98l wiA
oA AHT GAOE Fohi AR FXE FAPehy T
o okEwl 423 WE7} diclofenace] 7HEAdo] 98k o] opdE

sl f5te] ALT, AST W & E)FHE B0 E3s)o]
C1RvAS 1=

B Xz
RE 3= B+ EFEAT TAS T zH 7 7k Aol
SPSS 11.0 Z & 12(SPSS Inc, Chicago, IL, USAYE: o]-g5}]
Mann-Whitney HAHOZ p valueZ} 0.05 0]31Q] A= §-2
Aol Q= Aoz WY

22 % 0§

oY =

B AT ZaENE dolry] Hsto] A HAaket
FHolx Q) A d ksl 7 ¥ uk oh} WAje] Ao)akt A
SHste} vlEo] 84 | WhiF G X8 SAsIIch A
AeEolA niEZoler Ao <& e A] AFH
87} §lom Aojsgo] "4@3}‘4‘« Ve X9 W3 glol |
ek €A 9] @l RTl £ naERe| T 8edA)
o 2Jet FholA] Q] whl ‘—% oAz

el &FE 545 Hgt PSPE ol &% A5 A
AbelMs tiZTE T diclofeancs: T Foidt FollA] 4qu) o)t
FhAAE RY o (p<0.001), SFEPNS Fofof o8
diclofenacoll &3t AFud o] F7l7F 748 tHp <0.001)(Fig.
1). Diclofenac 5-0io) &gt 2A4ollx 2] A urkale] Zrle 7
£ S BAHp<0.05)(Table V).
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Fig. 1 - The Changes of intestinal permeability measured by 24
hour urinary excretion of PSP (phenolsulfonphthalein).
Values are means+SD. Control, control group; NSAID,
group with diclofenac; GLN 0.5, group with diclofenac and
glutamine 0.5 g/kg/day; GLN 1.0, group with diclofenac and
glutamine 1.0 gkg/day. *p<0.001 and 'p<0.01 compared
with control. *<0.001 compared with NSAID. % <0.01
compared with GLN 0.5.

2T ET} diclofeancs @5 Foi8 ToA Agon I3
ug ugg;:oqs} TAME th2FR} 4% 2tk p<0.001)
diclofeancs &% Foigt 7} Zo)E Bolx]| $iSttH(Table I)
bR M= diclofenac Tl AST, ALT ¥ Fule]s
T2 Tt glol dRTRoy g3 o g oyl -’F
27 2P 0p<0.001), SZFETE FA FeMi
diclofenacs &% I3 ol njg] ADAEZ AN (p<0.05)2
AARAEZ M (p<0.0D0] HHEATHTable ). ©]&
d1clofenac°ﬂ ot AHEFo T Fikg Adelr e duiio]
SFENIS] Foof glate] AXRE ulst.

0]9} 2o} diclofenaco)) 23 FaEAro 7 wkAE AE A
9 Aol KAatste] Fhe} el Tl A &
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Table I - Body weight changes and amounts of food Intakes in the animals

Trial population Body weight change Chow intakes Protein intakes Calorie intakes
(%/7 days) (g/100 g BW/7 days) (g/100 g BW/7 days) (cal/100 g BW/7 days)
Control 27.19+5.99 69.83+7.01 13.62+1.37 284.94+28.60
NSAID 6.09+6.62* 50.53+4.21* 10.04+1.02* 209.42+20.46*
GLN 05 5.28+5.13* 51.43:6.49* 10.47+£1.19* 216.45+25.48*
GLN 1.0 5.28+7.92* 50.59+7.98* 10.62+1.50* 216.48+32.90*

Body weight change was expressed in the percent weight change for 7 days based on the body weight at operation.
BW, body weight; Control, control group; NSAID, group with diclofenac; GLN 0.5, group with diclofenac and glutamine 0.5 g/kg/day;

GLN 1.0, group with diclofenac and glutamine 1.0 g/kg/day.
*$<0.001 compared with control.
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Table II - Serum biochemical findings 48 hours after diclofenac administration

Trial population Total protein (g/dl) Albumin (g/d)) ALT (U/D AST (IU/) Total bilirubin (mg/dl)
Control 582+0.30 3.67+0.34 26.7+2.9 108.4+14.5 0.25+0.11
NSAID 4.57+0.32* 2.55+0.25* 25.1+45 101.6+13.2 0.23%0.07
GLN 05 5.03+0.42* 298+0.23% 22.7+7.8 99.8+36.4 0.28+0.07
GLN 10 5.17+0.53" 3.05+0.38" 26.8+7.1 103.0+34.8 0.28+0.04

ALT, alanine aminotransferase; AST, aspartage aminotransferase; Control, control group; NSAID, group with diclofenac; GLN 0.5, group
with diclofenac and glutamine 0.5 g/kg/day; GLN 1.0, group with diclofenac and glutamine 1.0 g/kg/day

*p <0.001 and T <0.01 compared with control.

#<0.01 and %<0.05 compared with NSAID.

FLAZ 23« FMENS TS BRe] A% 7L, 8w 9 Ao T
HIAE|E0|=A] Shdale Audatel o3 AR S 34 AT £ 43 diclofenac FoiollA tlETECH 7&7}
T ot FUAEY ATAE Fshed® £ deMs w2k w9l Algel 2 Alusd U 2
diclofenac &= FoiFoA] diETFHRT A3 U gidols 3] Z 3 5 UTHp<0.001). SFER] Fojdtolr= d1clofenac o
Hﬁ-’ 2 73HeARe) FERlo] BEEIthp<0.001). FFEN] % FolTrut e f2d, 7, v o Aol I1eed Al
Folgt TolMe 230 18edade 5o ‘iElaii H: 6P =, 7‘°ﬂ*1t SFER] 7o 339 —7}011 ut
(p<0 01), e} 3718 o 2 a3 el MidlEle E¥ TFE AT BAEI00H (9<0.05) B YEAAM
F& EFTHp<0.05)(Table 1), ZFE Y] vlAHZO|=A & 05 g/ng Eogol = MDAZ} 24381 2 (p<0.01) 1.0 g/

FAA ] et UM TEAo] thdt Avhe dA7Rle) v~ kg FoIT TR zle)7h (il o]el Bl3) nlEelAl= 0.5 gkg
HZo|=4d FAA g At Aol Bu A dgte 9 FojgklXe St gldleut 1.0 g/kg FodA diclofenac T
] A 9 AR S OB R A8 5 FodHu I8 At AAas e H(p<0.01), A
old ZFEho] AT HFAS AAEPATEE sl F oM E 2 o] FAHATHE<0.05)(Table IV). o]} 7o)
FEWIE o] ek ok ol el Weln) Akl Az 5 H|AHRo|EA A gjst A AT $5AE
218 £31510] GALT(gut associated lymphoid tissue)?] @443} Ak SFERIE 37] okl g3t hizHAE At
2 A%e] dogs AR ARy B5aE oA fth s Fo &3] e SFERIY Al b el o
+ QA2 $F &= 7 A7)olA vkl B olof tigh 71

Table III - Changes of the number of enteric bacterial numbers in the small intestine and colon

. ) Small intestine Colon
Trial population - ;
Total aerobes (log CFU/g) Gram negatives (log CFU/g)  Total aerobes (log CFU/g) Gram negatives (log CFU/g)
Control 5.282+1.500 4.683+1.417 8.683+0.354 8.435+0.318
NSAID 8.006+1.052* 7.832+0.934* 9.515+0.441* 9.3060.456*
GLN 05 6.901+1.380° 6.807+1.271" 9.424+0.484" 9.134:+0.502"
GLN 1.0 6.713+0.908 6.241+1,054° 8.929+0.657! 8.688+0.780"

Control, control group; NSAID, group with diclofenac; GLN 0.5, group with diclofenac and glutamine 0.5 g/kg/day; GLN 1.0, group with
diclofenac and glutamine 1.0 g/kg/day.

*p <0.001, "p<0.01 and ¥ <0.05 compared with control.

% <0.01 and " <0.05 and compared with NSAID.

Table IV — Bacterial colony counts obtained from culture of the mesenteric lymph node, liver, spleen and kidney

Trial population MLN (log CFU/g) Liver (log CFU/g) Spleen (log CFU/g) Kidney (log CFU/g)
Control 0.742+0.391 1.542+1.651 1.658+1.830 1.915+1.365
NSAID 6.060+1.037* 5.946+0.448* 5.514+0.755* 4.745+0.599*
GLN 05 5.003+0.764*! 5.188+0.786*" 5.050+0.810* 4.448+0.797*
GLN 1.0 4.369+1.045% 4.457+0.875*3%* 3.883+1.101%+* 3.974+0.870"

MLN, mesenteric lymph node; Control, control group; NSAID, group with diclofenac; GLN 0.5, group with diclofenac and glutamine
0.5 g/kg/day, GLN 1.0, group with diclofenac and glutamine 1.0 g/kg/day.

*p<0 001, p<0 01 and p<0 05 compared with control.

%<0.001, '»<0.01 and % <0.05 compared with NSAID.

**9<(.05 compared with GLN 0.5,
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Table V - Malondialdehyde levels of the small intestine, liver, spleen, kidney and plasma

. . Small intestine Liver Spleen Kidney Plasma
Trial population 1 img protein)  (nmolimg protein)  (nmol/mg protein)  (nmol/mg protein) (nmol/m)
Control 2.663+2.903 0.559+0.280 1.948+0.559 2.146+0.849 6.066+2.055
NSAID 15.709+11.955* 2.783:+0.540* 6.502:+1.155% 6.482+1.800* 40,501+8.291*
GLN 05 8.674+5.271' 1.714+0.809* 4.066+1.394" 5.981:+3.344* 35.416+9.336*
GLN 1.0 5.914+5,084" 1.030+0.483%" 3.546+2.8057 4.193+2525" 20.430+6,527* ++

MLN, mesenteric lymph node; Control, control group; NSAID, group with diclofenac; GLN 0.5, group with diclofenac and glutamine
0.5 g/kg/day; GLN 1.0, group with diclofenac and glutamine 1.0 g/kg/day.

*p<0 001, '$<0.01 and *p<0 05 compared with control.
% <0.001, "p<0 01 and "5<0.05 compared with NSAID.
**$<0.01 and "'p<0.05 compared with GLN 0.5.

A77} Bk,
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of Lol tETES 4esl0thp<0.001). SFEMIE FoI8
735~ 21, v, A7 W oA vlAEHRo|=A] Ao <)t
o] Z7Fet MDAV} Zhaslsict. ThollMs S FEIS] Fojgo)
571 855 571 MDA7} 24815 o vl 0.5 gkg
9] Fojggo i MDAZ} 7433 2 WHp<0.001) 1.0 kg Foi+-
The 2le)7t glodrh. ool Hlg] AVdellAE 0.5 ghkgel FoiEkel
M {08 98 Bolx| gskort 1.0 gkg FolAl diclofenac
@5 FoiFRT} MDAY 7431 0.8 (<0.05) FIME 2+
& ol T2 AUTHP<0.001)(Table V). o|¢} Fo] 2 7]
48] MDA ®i3te] zjole 2 4719 b *Eﬂiol‘:’“ Al

o5 A Asish % FFER EA olg 1 AL AY
FE glovt o} o] e FAM B} 010 = Z7}4
2l @7t Basht,
4 B
H2E| 2ol =Y PR ARG Ae) BFEIe] ol g7k

Al 15 B, QUAF A B GAATLR A8
ISE oAt Bl ezl GOl €8 A T
T 9l chaky 71l et otste] el B Ao
S P LD L SR D LR S B
S5} 2 B71el 2] sk 2mellstel Amadel i £
o A7t Best] FRUY A2 AET & YYAT)
% slolok & ZoE Az,

l]Zl.

NEH

1) Davies, N. M. : Review article: non-steroidal anti-inflammatory
drug-induced gastrointestinal permeability. Aliment. Pharmacol.

Ther 12, 303 (1998).

2) Allison, M. C., Howatson, A. G., Torrance, C., Lee E D. and
Russell, R. 1. : Gastrointestinal damage associated with the use
of non-steroidal anti-inflammatory drugs. N. Engl. J. Med. 327,
749 (1992).

3) Bjarnason, I, Zanelli, G., Smith, T, Prouse, B, Williams, P,
Smethurst, P, Delacey, G., Gumpel, M. J. and Levi, A. J. :
Nonsteroidal anti-inflammatory drug-induced intestinal inflam -
mation in humans. Gastroenterology 93, 480 (1987).

4) Page, J. and Henry, D. : Consumption of NSAIDs and the
development of congestive heart failure in elderly patients: an
underrecognized public health problem. Arch. Intern. Med.
160, 777 (2000).

5) Rauchhaus, M., Sharma, R. and Bolger, A. : NSAIDs, intestinal
cell integrity, and bacterial translocation in chronic heart
failure. Arch. Intern. Med. 160, 3004 (2000).

6) Brinkmann, A., Wolf, C. E, Berger, D., Kneitinger, E.,
Neumeister, B., Buchler, M., Radermacher, B, Seeling, W. and
Georgieff, M.
translocation during major abdominal surgery: evidence for the
protective effect of endogenous prostacyclin? Crit. Care. Med.
24, 1293 (1996).

7) Wiest, R. and Rath, H. C. : Gastrointestinal disorders of the
critically ill. Bacterial translocation in the gut. Best. Pract. Res.
Clin. Gastroenterol. 17, 397 (2003).

8) Basivireddy, J., Vasudevan, A., Jacob, M. and Balasubramanian,
K. A. : Indomethacin-induced mitochondrial dysfunction and
oxidative stress in villus enterocytes. Biochem. Pharmacol. 64,
339 (2002).

9) Basivireddy, J., Jacob, M., Pulimood, A. B. and Balasubramanian,
K. A. : Indomethacin-induced renal damage: role of oxygen
free radicals. Biochem. Pharmacol. 67, 587 (2004).

10) Galati, G., Tafazoli, S., Sabzevari, O., Chan, T. S. and O'Brien,
P J. : Idiosyncratic NSAID drug induced oxidative stress.
Chem. Biol, Interact. 142, 25 (2002).

11) Alonso de Vega, J. M., Diaz, J., Serrano, E. and Carbonel], L. E :
Oxidative stress in critically ill patients with systemic inflam -
matory response syndrome. Crit. Care. Med. 30, 1782 (2002).

: Perioperative endotoxemia and bacterial

J. Pharm. Soc. Korea



Diclofenac ol eJ8} Rl sz slel Adshitslel digt 25ei1e) &t 133

12) Eleftheriadis, E., Kotzampassi, K., Papanotas, K., Heliadis, N.
and Sarris, K. : Gut ischemia, oxidative stress, and bacterial
translocation in elevated abdominal pressure in rats. World. J.
Surg. 20, 11 (1996).

13) Chiva, M., Soriano, G., Rochat, 1., Peralta, C., Rochat, E,
Llovet, T, Mirelis, B., Schiffrin, E. J., Guarner, C. and Balanzo,
J. : Effect of Lactobacillus johnsonii Lal and antioxidants on
intestinal flora and bacterial translocation in rats with
experimental cirrhosis. J. Hepatol. 37, 456 (2002).

14) Ocal, K., Avlan, D., Cinel, I, Unly, A,, Ozturk, C., Yaylak, E,
Dirlik, M., Camdeviren, H. and Aydin, S. : The effect of N-
acetylcysteine on oxidative stress in intestine and bacterial
translocation after thermal injury. Burns 30, 778 (2004).

15) Buchman, A. L. : Glutamine: commercially essential or con-
ditionally essential? A critical appraisal of the human data. Am.
J. Clin. Nutr. 74, 25 (2001).

16) Kudsk, K. A.,, Wu, Y., Fukatsu, K., Zarzaur, B. L., Johnson, C.
D., Wang, R. and Hanna, M. K. : Glutamine-enriched total
parenteral nutrition maintains intestinal interleukin-4 and
mucosal immunoglobulin A levels. J. Parenter. Enteral. Nutr:
24, 270 (2000).

17) Jung, S. E., Youn, Y. K,, Lim, Y. S, Song, H. G., Rhee, J. E. and
Suh, G. J. : Combined administration of glutamine and growth
hormone synergistically reduces bacterial translocation in
sepsis. | Korean. Med. Sci. 18, 17 (2003).

18) Yeh, S. L., Shang, H. E, Lin, M. T, Yeh, C. L. and Chen, W. J. :
Effects of dietary glutamine on antioxidant enzyme activity
and immune response in burned mice. Nutrition 19, 880
(2003).

19) Arndt, H., Kullmann, E, Reuss, E Scholmerich, J. and
Palitzsch, K. D. : Glutamine attenuates leukocyte-endothelial

Vol. 49, No. 2. 2005

cell adhesion in indomethacin-induced intestinal inflammation
in the rat. JPEN. J. Parenter. Enteral. Nutr 23, 12 (1999).

20) Hond, E. D, Peeters, M., Hiele, M., Bulteel, V, Ghoos, Y. and
Rutgeerts, P, : Effect of glutamine on the intestinal permeability
changes induced by indomethacin in humans. Aliment.
Pharmacol. Ther. 13, 679 (1999).

21) Nakamura, J., Takada, S., Ohtsuka, N., Heya, T, Yamamoto, A.,
Kimura, T. and Sezaki, H. : An assessment of indomethacin-
induced gastrointestinal mucosal damage in-vivo: enhancement
of urinary recovery after oral administration of phenolsulfon -
phthalein in rats. J. Pharm. Pharmacol. 35, 369 (1983).

22) Buege, J. A. and Aust, S. D. : Microsomal lipid peroxidation.
Method Enzymol. 52, 302 (1978).

23) Bradford, M. M. : A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Amal. Biochem. 72, 248
(1976).

24) Atchison, C. R., West, A. B., Balakumaran, A., Hargus, S. J,,
Pohl, L. R., Daiker, D. H., Aronson, J. E, Hoffmann, W. E,,
Shipp, B. K. and Treinen-Moslen, M. : Drug enterocyte
adducts: possible causal factor for diclofenac enteropathy in
rats. Gastroenterology 119, 1537 (2000).

25) Reuter, B. K., Davies, N. M. and Wallace, J. L. : Nonsteroidal
anti-inflammatory drug enteropathy in rats: role of permeability,
bacteria, and enterohepatic circulation. Gastroenterology 112,
109 (1997).

26) Choi, S. H., Lee, S. and Lee, M. D. : Glutamine on the luminal
microbial environment after massive small bowel resection. J.
Korean. Med. Sci. 17, 778 (2002).

27) Miller, A. L. : Therapeutic considerations of L-glutamine: a
review of the literature. Altern. Med. Rev. 4, 239 (1999).



